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A B S T R A C T
Chrysotile, a serpentine asbestos ﬁbre, is the only type of asbestos produced and consumed in the world
today. It is an established human carcinogen. We have begun ﬁeldwork on a retrospective cohort study of
employees of one of the world’s largest chrysotile mine and mills, situated in Asbest, Russia. The primary
aim of the study is to better characterize and quantify the risk of cancer mortality in terms of (i) the dose–
response relationship of exposure with risk; (ii) the range of cancer sites affected, including female-
speciﬁc cancers; and (iii) effects of duration of exposure and latency periods. This information will
expand our understanding of the scale of the impending cancer burden due to chrysotile, including if
chrysotile use ceased worldwide forthwith. Herein we describe the scientiﬁc rationale for conducting
this study and the main features of its study design.
 2013 Elsevier Ltd. 
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A retrospective cohort study of cancer mortality in employees
at one of the world’s largest currently operating chrysotile asbestos
mines and its afﬁliated processing mills in Asbest, Sverdlovsk
Region, Russian Federation, has recently been initiated. The study
is a collaboration between the Scientiﬁc Research Institute of
Occupational Health of the Russian Academy of Medical Sciences,
the International Agency for Research on Cancer (IARC) and
Yekaterinburg Medical Research Centre for Prophylaxis and Health
Protection in Industrial Workers, Yekaterinburg, Sverdlovsk
Region. The overall aim of the study is to more precisely
characterize and quantify the exposure–response relationship
for total and site-speciﬁc cancer risks associated with exposure to
chrysotile asbestos. The study will address some of the unan-
swered questions pertaining to the precise quantiﬁcation of the
established cancer risks of chrysotile. Herein we highlight some of
these issues and introduce the cohort and its main design features.* Corresponding author at: Section of Environment and Radiation, International
Agency for Research on Cancer (IARC), 150 cours Albert Thomas, Lyon 69008,
France. Tel.: +33 4 72 73 84 85; fax: +33 4 72 73 85 75.
E-mail address: schuzj@iarc.fr (J. Schu¨z).
1877-7821   2013 Elsevier Ltd.
http://dx.doi.org/10.1016/j.canep.2013.03.001
Open access under CC BY-NC-ND license.Asbestos is the generic commercial designation for a group of
naturally occurring mineral silicate ﬁbres which can be divided
into two classes: serpentine and amphibole asbestos. Chrysotile is
the only ﬁbre in the serpentine group. Five amphibole asbestos
ﬁbres were commercially used in the past: amosite (brown
asbestos), crocidolite (blue asbestos), anthophyllite, actinolite and
tremolite.
All forms of asbestos are carcinogenic to humans (IARC Group 1)
[1–4]. Asbestos causes cancers of the lung, larynx, ovary and
mesothelioma [4,5]. Consequently in many countries, including
much of Western Europe, a ban on the use of all types of asbestos is
in place. In countries that have implemented bans on its use, in
several instances the ﬁrst bans were restricted to amphibole
asbestos ﬁbres and only a decade or so later were extended to
chrysotile. Other countries have at present prohibited the use of
amphibole asbestos only and continue to permit the use of
chrysotile. In 2011 2.03 million tonnes of chrysotile were produced
worldwide, 99% by Russia, China, Brazil, Kazakhstan and Canada
[6]. The major consumers at present are China, India, Russia,
Thailand, Kazakhstan and Brazil.
Although it has been established as a carcinogenic hazard, more
precise quantiﬁcation of the magnitude, dose–response relation-
ship and timing of the cancer-speciﬁc risks of chrysotile is still
needed. Further, variations in the mineral content of asbestiform
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means that cancer risks of those currently exposed to chrysotile
need to be evaluated with respect to this speciﬁc type of asbestos.
Approximately three-quarters of previous asbestos cohort studies
addressed exposure to amphiboles or mixed serpentine–amphi-
bole asbestos as, prior to the introduction of amphibole bans,
mixtures of asbestos types were typically used in the more
numerous secondary industries whereas single asbestos types are
more typical of the exposures occurring directly in the few mines.
The chrysotile cohorts to date include mines and mills in Quebec,
Canada (10,000 men, some of which were tremolite contaminat-
ed), Balangero, Italy (1058 men) and in Qinghai Province, China
(1080 men) [7–9], chrysotile textile production industries in
Blackburn, UK (570 women), North Carolina (1795 women, 3975
men), Charleston, South Carolina (1807 men, 1265 women) and
China (577 workers) [10–13], asbestos cement industries in Greece
(317 men), Wales (1970 men), Lithuania (1285 men, 602 women),
Sweden (1176 men), England (1510 men, 657 women) and New
Orleans (1414 men in plant 2) [14–19] and friction products in
Connecticut, US (3531 men) [20].
In the present cohort we will study the actual source of asbestos
that currently represents 20% of the world’s production and
constitutes substantial exposure worldwide. In the largest
chrysotile cohort to date (30,000 workers), we will investigate
a wide range of exposure levels, as well as the effects of long-term
exposure. In doing so, we will further characterize and quantify the
association between chrysotile and cancer, addressing some of the
outstanding research issues, as outlined below.
2. Outstanding research issues
2.1. Chrysotile as distinct from amphibole asbestos ﬁbres in its
mesothelioma producing potential
The carcinogenic potential of chrysotile is distinct from that of
amphiboles in part because of its different physicochemical
properties, lower bio-persistence in the lung and, as a result of
these, different magnitudes of the excess cancer risks. The
amphiboles, crocidolite, tremolite and amosite, cause a large
excess of pleural and peritoneal mesotheliomas. These cancers are
extremely rare in the absence of asbestos exposure (incidence rate
of 1–2 per million per year), thus the carcinogenicity of
amphiboles is easy to demonstrate [5–7]. The mesothelioma risk
from chrysotile has also clearly been demonstrated, e.g. in Quebec,
in South and North Carolina textile plants and in the Italian
Balangero mine [8,11,12]. Although chrysotile’s mesothelioma-
producing potential appears to be less than that of amphibole
asbestos [4], the degree of natural contamination of chrysotile with
amphiboles, often tremolite, complicates the separation of cancer
risks according to ﬁbre type. The biopersistence of amphiboles in
the lung means that lungs of mesothelioma cases often contain a
much larger amphibole:chrysotile ratio than did the original
inhaled source [21].
2.2. Further quantiﬁcation of the lung cancer risk associated with
chrysotile
The major public health impact of chrysotile is on lung cancer,
though this risk is often overlooked in the presence of this cancer’s
competing causes, especially of smoking. All types of asbestos
ﬁbres, except for crocidolite, cause more cancer deaths from lung
cancer than from mesothelioma [22]. However it is uncertain
whether chrysotile and amphiboles differ in their lung cancer
potency and if differences exist whether they depend on ﬁbre size
and on cumulative exposure [4,23–25]. In chrysotile cohorts,
standardized mortality ratios (SMRs) for lung cancer were 1.3 inthe Quebec mine [9], but 2 in the Carolina cohorts [9,11,12] and
reached 8 for high intensity exposures, e.g. in Rochdale, UK and
Chongqin, China [26,27]. Heterogeneity in asbestos-related lung
cancer risks in general may be attributed to differences in
chrysotile ﬁbre dimensions, exposure intensity and duration and
time since ﬁrst exposure or effect modiﬁcation with smoking, for
which single studies usually do not have the power to disentangle.
Long thin chrysotile ﬁbres were most strongly associated with lung
cancer risk in the Carolina cohorts [28,29]. Lenter’s meta-analysis
on the lung cancer potency of asbestos (all types) demonstrates
that large heterogeneity in risk estimates is present and can also be
explained by differences in the quality of asbestos exposure
assessment, the degree of exposure contrasts, coverage of exposure
histories with measurement data and the completeness of job
histories [24]. They found that when restricting analyses to studies
with fewer exposure assessment limitations, it was difﬁcult to
ascertain whether chrysotile and amphibole asbestos differed in
their potencies. The same is true for risk estimates at low levels of
exposure. For low cumulative exposures of 4 ﬁbre/ml years, lung
cancer relative risks (RR) have been estimated as 1.006 (95%
conﬁdence interval (CI): 0.848, 1.194) for chrysotile and 1.022
(0.568, 1.837) for amphiboles [25]. The RRs for chrysotile were
heavily inﬂuenced by the Quebec and South Carolina cohorts. Thus
more precise estimation (as opposed to extrapolation) of lung
cancer risks at low levels of exposure is needed, in combination
with the effects of duration of exposure, as these constitute the
major exposure patterns today.
2.3. Examination of sites other than mesothelioma and lung cancer
Ovarian cancer was recently added as a new site caused by
asbestos exposure [30], but as stated in the IARC monograph, there
were insufﬁcient data to evaluate this association by ﬁbre type. In
the meta-analysis of Camargo et al., there were no statistically
signiﬁcant differences in SMRs for ovarian cancer by ﬁbre type,
although the estimate for chrysotile was slightly lower and non-
signiﬁcant (SMR 1.40 (0.88, 2.21)) compared to that (SMR 1.77
(1.37, 2.28)) for all asbestos types) [5]. Other cancer sites for which
there is limited evidence of carcinogenicity in humans and that
need investigating include pharynx, colorectal and stomach.
3. Previous relevant research in the town of Asbest
Previous relevant research has been conducted in the town of
Asbest, including that of a joint Russian–American–Finnish project
[31,32]. Chest X-rays in a subset of 2000 Uralasbest miners and
millers with over 10 years of employment revealed the presence of
early respiratory non-malignant diseases including small irregular
opacities and pleural plaques in 15% of workers [31]. Autopsy
studies have revealed higher concentrations of chrysotile ﬁbres in
the lungs of Asbest town residents previously employed at the
enterprise [33]. At an ecological level, for most years during 1958–
2008 the male population of Asbest had higher lung cancer
incidence rates than that of the Sverdlovsk region [34]. During
1997–2006, mortality rates were higher in Asbest than in the wider
region for respiratory cancers (SMRs 1.15 and 1.57 in men and
women respectively) and digestive cancers (1.11 and 1.24),
especially at older ages [35].
4. Characteristics of the cohort study
The retrospective study will follow-up all employees of
JSC Uralasbest who were employed for at least one year during
1975–2010 (i.e. both new employees who started work in 1975 or
later and continuing employees who were ﬁrst employed prior to
1975) in the enterprise’s mine, processing mills, auto-transport
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control or in the explosives unit. During this time period ﬁve
processing mills were in operation: factory 2 from 1930 to 1980,
factory 3 from 1936 to 1977, factory 4 from 1956 to 2010, factory 5
from 1955 to 1997 and factory 6 from 1969 to present. Workers
employed during this period may also have been employed prior
to 1975 in the enterprises’ Oktyabrskaya factory (operational
from 1896 to 1956) or factory 1 (1924–1955). Cohort members
will have had one year of employment since 1975; this year was
chosen so as to include one sub-cohort of new employees in 1975
whose follow-up to 2010 is up to 35 years thus including the
average latency period from ﬁrst exposure to cancer death (3
decades for lung cancer). The employees of these enterprises
include a considerable proportion who were not occupationally
exposed to chrysotile above that of environmental levels. Cause-
speciﬁc mortality will be analyzed from 1975 to date of most
recent complete data at the time of mortality linkage. For those
workers ﬁrst employed before 1975, their work history prior to
1975 will also be obtained so that, regardless of date of ﬁrst
employment at Uralasbest, we will be able to estimate exposures
across the entire work history.
The study has been approved by the IARC Ethics Committee (IEC
No. 12-22, September 2012).
The study’s pertinent and strong methodological features, as
well as its limitations, include:
(i) Evaluation of cancer risks of the asbestos from the mine that
produces up one ﬁfth of world production today: The mine in
question is one of the world’s largest and currently produces
20% of the world’s asbestos, 80% of which is exported. Thus,
this actual mineral constitutes exposure to workers at the
studied site and to construction and other workers in export
destinations worldwide. Its amphibole content is low.
Autopsy studies of the lung ﬁbre burden of Asbest residents
who were predominantly past workers at the mine/mill
revealed, as expected, higher asbestos ﬁbre concentrations
than in non-workers. The inorganic ﬁbre composition was
90% chrysotile and 5% tremolite/anthophyllite, with no
crocidolite or amosite present, which contrasts to the 1:1
ratio of chrysotile:tremolite in autopsies from the Canadian
chrysotile-producing area [33]. In the Russian samples, the
mean and range of pulmonary chrysotile concentration were
similar to those reported from the Canadian mining and
milling industry, whereas the mean concentrations of
tremolite ﬁbres were lower by at least one order of
magnitude.
(ii) Cohort membership: The cohort is currently being enumerated
and has an expected size of at least 30,000 workers. By
including prevalent workers, duration since ﬁrst exposure to
asbestos of up to 50 or more years will be included and will
allow for the long latency periods and sufﬁcient statistical
power for the major cancer outcomes. This contrasts to the
largest predominantly chrysotile-exposed cohorts published
to date, which have 4000–6000 exposed workers [9,11,12].
Further, women represent at least one-ﬁfth of the cohort and
they also worked in more heavily exposed areas. They will
form the largest female cohort of chrysotile workers, allowing
examination of less studied female-speciﬁc cancers including
ovary. Gender-patterned smoking behaviours will also mean
that sex differences can be explored in light of the greater
smoking prevalence in men (>70% men and <10% women are
smokers [31]).
(iii) Job histories: Comprehensive paper archives are available to
reconstruct detailed work histories for all active and former
workers, including pensioners and deceased workers (com-
plete for periods of employment at the Company), withinformation on work place and work activities from multiple
sources, enabling creation of a detailed occupational history.
Worker-speciﬁc records detail the location of work, tasks
involved and dates of employment. Records were updated
regularly when employment status changed. In addition,
annual salary books list all workers employed throughout the
period and can be used to ensure completeness of cohort
enumeration.
(iv) Dust exposure measurements: Measurement records exist that
will allow accurate exposure assessment despite it being
calculated retrospectively. The cohort beneﬁts from an
exceptionally rich measurement database of stationary
gravimetric airborne dust concentrations. These systematic
measurements were made across the processing sections of
each factory since the early 1950s. For the relevant exposure
period (1951–2001), there were over 90,000 dust measure-
ments recorded in the enterprise, most of which represent
monthly average dust concentrations taken at speciﬁc
recorded work places (e.g., mine, factory 2, factory 5) and
work units (e.g., crushing, drying, packaging), that can be
linked to each employee’s work history proﬁle based on the
recorded knowledge of the occupations present around each
sampling point (Fig. 1). Between 1923 and 1949 sparse dust
measurements are available. For most years from 1959 to
2001, there were between 100 and up to 250 sampling points
in operation in a given month (all factories combined), each
with month-speciﬁc dust concentrations. Dust exposure data
for the mine are available from 1964 onwards and have
previously been published [36]. Limited data are also
available for the mine for the period of 1955–1963. Different
mills and time periods encompass a wide range of exposure
levels. As more recent mills opened they incorporated more
advanced technologies and had lower dust concentrations
than those in operation in the 50s and 60s. For example in the
1960s one-third of dust concentrations were over 10 mg/m3
compared with approximately 10% in the 1990s.
Fibre concentration data (f/ml) are fewer and are currently
restricted to multiple measurements taken in June 1995 in
the mine and in factories 4 and 6. At that time, several
hundred parallel gravimetric and ﬁbre measurements,
analyzed by phase contrast optical microscopy and scanning
electron microscopy, were conducted [32]. Concentrations
were lowest in the quarry (range 0.01–0.27 f/ml) and highest
in factory 4 (range 0.11–11.6 f/ml). Fibre concentration data
may be augmented prospectively with measurements across
the mining and milling processes. These parallel gravimetric
and ﬁbre dust measurements will be used to create
appropriate conversion factors of dust to ﬁbre concentra-
tions.
Linkage of occupational histories to dust and ﬁbre
concentration data will allow us to analyze the pertinent
exposures of cumulative ﬁbre exposure and cumulative dust
exposure and their combination with durations of exposure,
e.g. the effect of low cumulative doses, the effect of low
intensity exposure for long durations.
(v) Mortality follow-up: In the Russian Federation vital status and
migration bureaus are organized at the regional (‘‘oblast’’)
level. In primary analyses, cohort members will be followed
up whilst they remain in the Sverdlovsk region (total
population 4.3 million). The Regional Bureau of the Federal
State Statistics Service and the Regional Migration Bureau in
the Sverdlovsk Region will be used to obtain the date and
cause of death (if in the region) or date of migration out of the
region at which point the cohort member would be censored.
Cohort members who relocate to the nearest city and capital
of the region Yekaterinburg (population 1.4 million,
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Fig. 1. Summary of available job histories and dust measurement data and exposure measures to be estimated.
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Yekaterinburg is also the location of the regional Oncological
Centre to which Asbest patients with cancer, as residents of
Sverdlovsk, region are referred for diagnosis and treatment.
We are investigating the possibility of augmenting death
certiﬁcate information with more detailed clinical information
for cancers diagnosed at this centre. In secondary analyses, we
will investigate whether migration and vital status statistics
can be extended beyond the Sverdlovsk region.
(vi) Analytical considerations: The primary statistical analyses will
be internal, i.e. a comparison of cancer mortality rates
between higher and lower exposure groups (variously
deﬁned) within the cohort. Such an approach will be less
prone to biases from differential ascertainment of deaths as
compared to using an external comparison group. The major
potential confounding factor for most cancer outcomes is of
course smoking. As in many previous retrospective studies,
smoking data are limited. Smoking status is known for a
subset of 2002 workers interviewed in 1996 when smoking
prevalence was 75% in men and 5% in women [31]. Those data
can also be used to examine the differences in smoking
prevalence across exposure categories to inform whether and
how large a confounding effect is likely to be. Associationsobserved in women will be less affected by this confounder.
We are also investigating the completeness and coverage of
other potential sources of smoking data such as from 5-yearly
medical examinations. A similar situation exists for other
lung carcinogens (e.g. silica, diesel exhaust) for which some
but limited information exists.
For comparative purposes, SMRs will also be calculated to
compare the cohort’s mortality to that of the sex and age-
speciﬁc mortality in the Sverdlovsk region. The short life-
expectancy in Russia, particularly amongst men during the
past two decades, and competing asbestos-related and other
causes of death will diminish the cohort and thus reduce
statistical power at old ages. Potential biases, such as the
healthy worker survivor effect that may inﬂuence the
prevalent cohort in 1975, will be investigated using
sensitivity analyses.
(vii) A future perspective: The considerable work that has been
invested into establishing reliable data sources and into
conducting cohort enumeration and compilation of retro-
spective job histories can be used, from now on, to form a
prospective cohort to be followed into the future. Cohort
members still alive today (pensioners and current workers)
form an identiﬁable prospective cohort who may be
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data on confounders (e.g. more detailed lifetime smoking
history). In addition, outcomes other than cancer mortality,
for instance deaths from asbestosis or other non-malignant
respiratory diseases, will be investigated.
(viii) Governance: The project is an international collaboration
involving IARC and brings together a multidisciplinary
team of epidemiologists, occupational health physicians,
experts in exposure assessment and biostatisticians. In
addition, the study will beneﬁt from an independent
Scientiﬁc Advisory Board which will monitor the progress
of the study, review manuscripts prior to submission,
provide guidance to the study team and attend annual review
meetings.
5. Concluding remarks
WHO is working towards the elimination of asbestos-related
diseases [37]. The carcinogenicity of chrysotile asbestos is well
established. The present study seizes the opportunity to further
characterize its cancer risks using a unique, relevant and, due to its
comprehensive study base of job details and dust measurements,
informative setting. The availability of retrospective exposure data
for a period of more than 60 years is unique and allows the conduct of
a high quality occupational study on cancer mortality in a population
with exposure to and at the source of the precise mineral that
constitutes substantial current exposure worldwide. The informa-
tion to be gained from the study is especially relevant because of on-
going chrysotile production, consumption and exposure today.
Nevertheless, even were chrysotile exposure to end worldwide
tomorrow, the present study is still needed as the asbestos-related
cancer burden would continue henceforth for half a century. The
study will ﬁll research gaps pertaining to the quantiﬁcation of site-
speciﬁc cancer risks of previously exposed workers both at and
beyond the mineral’s source and to the estimation of potential
remaining hazards arising from the erosion or corrosion of chrysotile
asbestos already present in our environments.
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